ceration in the past 2 years was also associated (HR 12.5, 95% CI 2.7-56.6, p ! 0.002), though uncommon. No further risk factors were identified. Conclusion: A history of suicide attempts and the presence of depression are strongly predictive of suicidal behavior in prodromal HD. As these risk factors are among the most robust risk factors for suicide, established suicide risk factors appear applicable to those with prodromal HD.
Introduction
Huntington disease (HD) is an autosomal dominant neuropsychiatric disorder caused by an expansion of the HD gene on chromosome 4p16.3 [1] via repetitions of the nucleic acids C, A, and G [2] . The condition demonstrates a broad neuropsychiatric phenotype, and commonly presents with disordered behavior, cognition, mood, and motor symptoms [3, 4] . Since the astute original description of the illness by George Huntington in 1872 [5] , suicide has been further connected to the diagnosis of HD.
Much of the literature on suicide in HD backs the antecedent assertion of George Huntington that the illness sometimes conveys a 'tendency' to 'that form of insanity which leads to suicide' [5] . As highlighted in table 1 , stud- ies of suicide in HD have largely focused on the proportions of deaths attributable to suicide [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . These studies have produced quite varied results with suicides comprising between 0.6 and 10.1% of the deaths in those with HD [6, 8] . The study by Bailko et al. [6] was conducted in Hungary, where suicide rates are remarkably high, 45/100,000 persons/year per the authors. Barring this study, the upper limit reported appears to be at or near 7% of deaths due to suicide in HD as reported by two studies [7, 9] . The lowest estimate of 0.6% comes from data obtained through the United States National Center for Health Statistics [8] . Interpretation of the proportion of deaths due to suicide is inherently limited by the background rate of suicide for the study base and the methods by which suicide is ascertained. In two studies that included proportion of suicides for the relevant general population, the proportion of suicides in HD was 2-4 times that expected. Another study found the proportions of deaths due to suicide in HD to be three times that of unaffected siblings and parents and four times that of general population estimates [10] . One study also found higher rates than the general population, though could not calculate a ratio with some suicides occurring in unknown years [9] . In those studies which did not provide data to calculate the proportions of death due to suicide or any direct calculation of rate, some [18, 19] , but not all [20] , studies suggested an association between suicide and HD. The higher risk of suicide observed in HD has not been demonstrated for other dementias, for which most evidence suggests a lower rate of suicide compared to the general population [21] .
From general population data, suicide attempts occur with roughly ten times the frequency of completed suicides [22] , though there are varied results due to methodological and other study differences [23] . Even when 'unsuccessful,' suicide attempts can result in substantial morbidity [24] . Surveys of individuals living with HD have reported a lifetime history of suicide attempts in 4.8-17.7%, as highlighted in table 2 [10, 13-15, 20, 25] . The lowest rate was seen in the study by Hayden et al. [14] , wherein suicide attempts were limited to severe attempts necessitating hospitalization. As demonstrated in the table, most samples of HD demonstrated a prevalence of suicide attempts in the 5-10% range. The reported frequency of suicide attempts was noted to be higher than general population estimates by Farrer [10] . Comparison of these data to background frequencies in the general population is otherwise challenging. Unweighted estimates from Part II of the National Comorbidity Survey (Part II over-represented those with mental disorders) re- port a lifetime prevalence of 2.6% for suicide attempts with intent to die and 4.6% for attempts regardless of intent [26] . Using identical measures from World Mental Health surveys, lower lifetime prevalences for attempts regardless of intent have been estimated cross-nationally (2.7 vs. 4.6%) [27] . Overall, the available data support the notion of individuals with HD being at increased risk of attempting and completing suicide.
Risk factors for completed suicide in HD identified to date include male gender [6, 9-11, 14, 18] and lack of offspring [19] . Akin to the general population literature, suicide attempts in HD have, on the other hand, been associated with female gender [10, 14] . Several papers suggest suicide occurs more frequently early in the course of HD, though data from only one study supports this [11] , another refutes [10] , and three studies cited to promote this contention do not test this hypothesis [7, 14, 18] . There has been some concern related to the impact of genetic testing for suicide risk [28] . A study of 4,527 test participants found 0.5% attempted and 0.1% completed suicide in up to 3 years following testing [29] . Suicidal ideation is most common when patients start experiencing symptoms before receiving a formal diagnosis of HD and in the second stage of HD following diagnosis, when patients become less independent [30] . Similarly, risk of suicide is generally thought to be higher early, but not later in the course of illness for dementias [21] , though increased risk of suicidal behavior early in the course of illness has not been established in HD. Given the only crude demographic data available for most studies of suicide in HD, few risk factors apart from gender have been systematically addressed in research to date.
A much greater variety of risk factors for suicide have been identified in general samples [31] . Mental disorders, which are present in over 90% of suicides, according to psychological autopsy studies, are of particular relevance [32] [33] [34] . These include mood disorders, alcohol and drug use disorders, psychotic disorders, personality disorders, eating disorders, and anxiety disorders [35] . Mood and anxiety disorders, in particular, are common in prodromal HD [36] . In a review of the literature by Coryell [37] , the most robust predictors of suicide, as identified in several studies, were prior attempts or plan for suicide, male gender, being single or living alone, inpatient psychiatric treatment, and hopelessness. Of these, a history of suicidal plans or behaviors was by far the most replicated [37] .
Designed to assess an array of clinical markers and to follow participants prospectively, the PREDICT-HD study provides a unique opportunity to assess a broad array of risk factors for suicidal behavior in prodromal HD. Given the limited literature on suicide risk factors specifically in HD, we sought to assess risk factors for suicidal behavior in prodromal HD using the PREDICT-HD database. We anticipated that suicide attempts and completions would be common and that established risk factors for suicide in the general population would prove relevant to suicide risk in prodromal HD.
Methods
Sample PREDICT-HD is a multi-site longitudinal prospective study designed to identify and track markers of HD prior to the onset of the classic motor symptoms [38] , such as chorea and dystonia. Participants were recruited from a total of 32 sites in the USA, Canada, Europe, and Australia. Prodromal HD is defined by the presence of the CAG repeat expansion prior to meeting clinical criteria for the diagnosis of HD. Institutional Review Board approval was obtained at all sites, and participants signed a written informed consent. All prodromal HD participants had undergone voluntary independent genetic testing for the CAG repeat expansion prior to entering the PREDICT-HD study, and were aware of their gene status. Those with a CAG repeat expansion of 6 36 served as cases and those who tested negative (CAG ^ 30) were invited to participate as healthy comparisons. Controls were offspring of a parent with HD. Exclusion criteria included the presence of an unstable medical or psychiatric illness, current alcohol or other drug abuse, a history of special education, a history of other central nervous system disease or events, pacemaker or metallic implants, prescription of an antipsychotic in the past 6 months, or phenothiazine-derived antiemetic medication in the past 3 months [38] .
Our sample included 735 participants identified as cases prior to formal diagnosis of HD and followed for a median of 3.5 years (mean = 3.7; SD = 1.5). Another 194 controls were followed for a median of 2.9 years (mean = 3.0, SD = 1.4). Gene-expanded participants were sub-divided into groups based on an estimated proximity to HD diagnosis based on current age and CAG repeat length: far ( 1 15 years), mid (9-15 years), and near ( ! 9 years) [39] . Participants were stratified according to proximity to diagnosis because changes in behavior, cognition, emotional regulation, and motor function have been demonstrated prior to HD diagnosis [36, [40] [41] [42] , and being early in the course of illness has previously been suggested as a risk factor for suicide in HD.
Assessments
At baseline and during follow-up, information was obtained by trained research staff allowing us to assess a variety of risk factors for suicide including but not limited to hopelessness, separation, death of a loved one, change in sleeping habits, illness/injury, depressed mood, suicidal ideation, and history of suicide attempts. Incarceration and a variety of other life events were also considered. Selected items from the Psychiatric Status Schedule [43] , Life Experiences Survey [44] , and Unified Huntington's Disease Ratings Scale (UHDRS) [45] were used to identify risk factors for suicidal behavior. The Psychiatric Status Schedule is a standardized interview designed to assess several domains of psychopathology, including depression, anxiety, grandiosity, behavior, and alcohol abuse [43] . The Life Experience Survey assesses both the number of life changes related to work, relationships, and health over the past 12 months and the perception of these changes as positive or negative [44] . Individual items from the Psychiatric Status Schedule and Life Experiences Survey were modeled as potential risk factors. The UHDRS is a clinical rating scale and contained items assessing the frequency and severity of suicidal thoughts [45] . As part of a suicide risk screening measure, a threshold for frequency of suicidal thoughts was set at a score 6 2 or 'sometimes thinking about suicide -at least once a month'. Severity was assessed by an item asking 'Do you have a plan to end it all? Have you taken any steps toward carrying out your plan?' Participants indicating suicidal ideation were evaluated for suicide risk and referred for a clinical evaluation, when appropriate. Participants were administered the self-report Beck Depression Inventory-II (BDI-II) [46, 47] , which provided a total score. A separate study-specific suicide risk screening measure used a score of 1 13 to indicate the categorical presence of a depressive syndrome, indicating at least mild depression, which was previously used as a cutoff in samples with neuropsychiatric illness [48] .
A total of 103 variables from the above assessments were modeled for their relationship to suicidal behavior: 70 items + 2 total scores from the Life Experiences Survey, 14 items + 1 total score from the Psychiatric Status Schedule, 4 items from the UHDRS, total motor score, BDI-II total score, a history of suicide attempts prior to study entry, and 8 items + total score from the study-specific suicide risk assessment metric. The latter extrapolated individual items for suicidal ideation and hopelessness from the BDI-II, recorded the presence of a BDI-II 1 13, indicated a Beck Hopelessness Scale [49] score of 9 or higher [50] , and used thresholds on questions from the UHDRS on severity and frequency of depression or suicidal ideation.
Suicide attempts were recorded in a reportable event log and identified from unscripted screenings at each annual visit and 6-month phone call. The suicide completion was verified by autopsy report. To maximize statistical power, the clinically relevant outcomes of suicide attempts and completions were combined into a single variable, suicidal behavior, akin to prior studies [51] [52] [53] .
Data Analysis
Descriptive statistics for the sample were compiled to compare differences between those with and without suicidal behavior during follow-up; t tests were used to assess differences in continuous variables, and 2 analyses were used for categorical variables.
The primary outcome of time to first suicidal behavior was assessed in survival analysis using Cox proportional hazards regression. The 103 variables from the aforementioned scales were assessed in univariate models as time-dependent covariates. A history of suicide attempts was assessed at baseline and subsequently modeled as a time-independent covariate. All statistical tests were corrected for multiple comparisons using a false discovery rate (FDR) of ^ 0.05 [54] . Individuals who did not demonstrate suicidal behavior were censored at last visit or when lost to follow-up. Multivariate Cox models were assembled to assess for any independence to the above findings. These analyses assumed proportional hazards and that censoring and suicidal behavior were independent. Unless otherwise noted, statistical tests used a two-tailed ␣ of 0.05. Analyses were performed using SAS 9.2.
Results
The sociodemographic and clinical characteristics of the entire sample are detailed in table 3 . A total of 735 individuals with prodromal HD and a mean age of 41.2 years were included in the sample, of which 63.3% were female. Proximity to diagnosis was estimated as 37.8% far ( 1 15 years), 37.8% mid (9-15 years), and 24.4% near ( ! 9 years) to diagnosis but not diagnosed. Most participants who demonstrated suicidal behavior were female (Fisher's exact test p = 0.04). Other sociodemographic and clinical variables ( table 3 ) did not differ between those with and without suicidal behavior. Those with suicidal behavior had higher scores on the BDI-II at the prior visit compared with those who did not engage in suicidal behavior (16.3 vs Twelve participants (1.6%) attempted suicide and 1 participant completed suicide. One participant had 2 attempts. Thus, a total of 13 participants demonstrated suicidal behavior as operationally defined, and a total of 14 events were observed. Suicidal behavior did not significantly differ with estimated proximity to diagnosis. Based on a total of 2,718 person-years of follow-up, we observed 4.8 suicide attempts per 1,000 person-years among individuals with prodromal HD. Twelve of the 13 demonstrating suicidal behavior were female. No suicidal behavior was observed in the 194 controls, precluding modeling in survival analysis. On cross-tabulation, the frequency of suicidal behaviors did not significantly differ between cases and controls (p = 0.08 by Fisher's exact test).
Risk factors for suicidal behavior were modeled in Cox regression. In univariate analyses, a history of suicide attempts (HR 8.5, 95% CI 2.8-26.1, p ! 0.0002, FDR = 0.02) and a BDI-II 1 13 (HR 7.2, 95% CI 2.3-22.0, p ! 0.0006, FDR = 0.02) were associated with suicidal behavior. Compared to those without suicidal behavior, 38% (vs. 7%) of those with suicidal behavior had a history of suicide attempts and 62% (vs. 18%) had a BDI-II 1 13 on the visit before attempt or censoring. The total score of the BDI-II was also associated with suicidal behavior after controlling for multiple comparisons (HR 1.07, 95% CI 1.03-1.11, p ! 0.001, FDR = 0.02). Incarceration in the past 2 years was also significantly associated with suicidal behavior (HR 12.5, 95% CI 2.7-56.6, p ! 0.002, FDR = 0.03) though occurred infrequently overall and was present in only 2 of the cases with suicidal behavior and 33 of the cases without.
Because 13 events were observed, no more than 2 variables were included simultaneously in multivariate models, which included variables for prior incarceration, prior suicide attempts, and a BDI-II 1 13. The results of these bivariate models are detailed in table 4 , which shows the observed associations appeared independent of each other.
Discussion
Our results demonstrate that the presence of depression and a history of suicide attempts are relevant risk factors for suicidal behavior in prodromal HD. These are among the most robust risk factors for depression reported in the medical literature [37] , lending support to the practice of assessing suicide risk in this population as individuals rather than distinctly as individuals with prodromal HD. Our data did not demonstrate a significantly increased risk of suicidal behavior in cases compared to controls, though this was a highly selected sample and no incidents of suicidal behavior were observed in the smaller control group. Based on the studies reviewed in the introduction, HD may itself be considered a risk factor for suicide. The infrequently observed event of prior incarceration was also associated with suicide. This finding was unexpected and begs the question of whether any association reflects the stressful event itself or factors that predispose to incarceration, such as impulsivity [55] [56] [57] . A specific measure of impulsivity was not available, though one has recently been added in a revised PRE-DICT-HD protocol.
Our study has several important limitations. Suicide attempts and completions were combined into a single variable, representing suicidal behavior. Those who attempt suicide represent a similar, but not identical, group to those who complete suicide [58] . Our findings, particularly with regard to gender, may not be generalizable to the assessment of risk for completed suicide as risk factors for suicide attempts do not always parallel those of suicide completions [59, 60] . Nonetheless, suicide attempts represent a clinically relevant outcome and the prediction of suicidal behavior an important and useful clinical outcome. Only 13 individuals demonstrated suicidal behavior in our sample. This limits both our power to assess risk factors and ability to reliably include more than two risk factors in a single regression model. Thus, previously established risk factors for suicide, not found to be associated with suicidal behavior in this sample, should not be assumed irrelevant to the assessment of suicide risk in HD. While the nature of the study makes ascertainment of suicide quite certain, it is possible that deaths due to other causes, such as accidents, represented suicides. Further, the sensitivity of our methods for ascertaining suicide attempts is unknown and suicide attempts may be underreported. This limitation, however, is pervasive throughout the epidemiological literature on suicide attempts. Regardless, our estimates of suicide and suicide attempts may be underestimated and would best be considered conservative lower limits. Suicidal behavior was indeed observed less frequently than perhaps expected in this select sample of patients with prodromal HD, in which participants with unstable psychiatric illness or receiving treatment with antipsychotics were excluded. Against a backdrop of studies reporting increased risk of suicide in HD, our findings beg some explanation. Rates could be lower due to selection bias, as this sample includes those who have had gene testing and agreed to participate in an intensive long-term study. Risk may also be lower for individuals with prodromal HD compared to those with HD. It is also possible that as a result of participating in the study, individuals at risk were appropriately referred to clinical resources, mitigating this risk. Further, the very act of participating in the study may provide an understanding support network. Thus, results related to overall risk of suicidal behavior may not generalize to the population at large with HD. When including retrospective data, however, 53 participants (7.2%) had a suicide attempt prior to participating or prospectively observed during participation. This figure is higher than that of cross-national lifetime estimates of 2.7% [27] and akin to that of the aforementioned prevalences of lifetime suicide attempts with HD as reported in the reviewed literature.
Prospective follow-up of a large sample and rigorous clinical assessments are among the most notable strengths of our study. Prior studies of suicide in HD have been largely limited to registry studies or national death indices. The PREDICT-HD data facilitated the assessment of a variety of potentially relevant risk factors to determine the risk of suicidal behavior in survival analyses, the optimal method of analyzing this time to event data. With multiple assessments, our analyses were additionally able to assess risk factors as time-varying covariates. Our results were able to uniquely contribute to the literature by identifying several risk factors for suicide in prodromal HD, many of which could not be assessed by studies published to date, which primarily assessed readily available demographic variables such as gender.
There is little reason to assume the risk factors identified do not generalize to the population at large with HD, as these risk factors are among the most robust risk factors from studies in other populations. While it is quite probable that risk of suicide observed in this sample differs from the study base (of all individuals at risk for HD) from which the cases arose, it seems implausible that the risk factors themselves would not generalize. These data suggest suicide risk assessment strategies for individuals with HD may be employed with similar methods and consideration of risk factors. While there was a tendency for more suicide attempts among those earlier in the course of illness, based on estimated time to diagnosis, any differences were not statistically significant, and our sample was limited to individuals with prodromal HD.
There was further no association between total motor score on the UHDRS and suicidal behavior. The available literature does not convincingly support consideration of 'early in the course of illness' as an established risk factor for suicide in HD, and further study is needed related to suicide risk by illness severity. Some speculate that loss of insight over the course of illness may reduce suicide risk [21] . Continued follow-up of this cohort will provide an important opportunity to answer this question.
Individuals with prodromal HD face an elevated risk of suicide, yet clinicians working with this at-risk population have limited data upon which to assess suicide risk. Our results suggest that standard assessments for suicide risk may be reasonably applied to populations with prodromal HD and presumably HD with depression and a history of suicide attempts -two of the most established predictors in the suicide literature -as predictors of suicidal behavior in prodromal HD. The risk factor of depression is particularly noteworthy as it represents a potentially modifiable risk factor for suicide. Although randomized controlled trials for major depression in prodromal HD or HD are lacking [61] , depression may be more common in HD and is generally treatable [25] . This underscores the importance of screening for depressive syndromes in individuals with prodromal HD or HD.
